4 


RM L54E19 



RESEARCH MEMORANDUM 


SOME INTERNAL-FLOW CHARACTERISTICS AT ZERO FLIGHT SPEED 

OF AN ANNULAR SUPERSONIC INLET AND AN OPEN-NOSE INLET 

WITH SHARP AND ROUNDED LIPS 

By Joseph R. Milillo 

Langley Aeronautical Laboratory 
Langley Field, Va. 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 

July 6, 195^ 

Declassified May 25> 1956- 


NACA RM L54E19 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 


SOME INTERNAL-FLOW CHARACTERISTICS AT ZERO FLIGHT SPEED 
OF AN ANNULAR SUPERSONIC INLET AND AN OPEN-NOSE INLET 
WITH SHARP AND ROUNDED LIPS 
By Joseph R. Milillo 


SIMMARY 


Static tests of an annular conical-shock inlet and an open-nose 
conical inlet with three lip shapes were conducted at the Langley 8-foot 
transonic tunnel. Measurements of pressure recovery^ surface pressure^ 
and total pressure were made through a mass-flow range extending to 
choking. The results indicate that the two inlets with thin sharp lips 
had about the same relatively poor pressure-recovery characteristics 
and choked at a mass-flow rate of about 78 percent of the theoretical 
maximum. However, both the pressure recovery and choking mass-flow rate 
were greatly improved by replacing the sharp lip by two alternate shapes 
with lip roundness and internal contraction just behind the inlet lip. 

It was also shown that inlets with thin sharp lips but widely dif- 
ferent diffusers and inlet configuration had very similar pressure- 
recovery characteristics which were adequately defined by theory. 


INTRODUCTION 


The optimum performance of a turbojet-engine — fixed-anea inlet com- 
bination at supersonic speeds is obtained when the air flow through the 
engine-inlet combination is near the maximum permitted by the inlet. At 
the take-off or low-speed flight condition, the inlet will tend to be 
operated at a choked or extremely high mass-flow condition and the engine 
may siiffer severe thrust penalties due to losses in total pressure and 
reductions in effective inlet entrance area. In the case of sharp-lip 
inlet design, the reduction in engine performance can be quite large at 
the static or take-off condition. 

Some attention has therefore been given to the problem of the per- 
formance of such sharp-lip inlets under the aforementioned conditions 
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(refs. 1 to 3) • Tests of round-lip inlets have also been made (ref. 4). 
In addition to this work, the internal-flow performance of two supersonic 
type inlets of the Langley 8-foot transonic tunnel inlet research program 
were studied imder static conditions and the results are presented herein 

The inlets tested were a conical-shock inlet and a nose inlet with 
three lip shapes - a sharp lip, a round lip, and a bell-type lip. Pres- 
sure recovery, lip pressure distribution, total-pressure surveys, and 
mass-flow measurements are presented for the nose inlet, whereas pres- 
sure recovery and mass-flow measurements only are presented for the 
conical-shock inlet. Mass-flow ratio was varied from about 0.33 to the 
choking value. 
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Subscripts : 

1 minimum-area station at, or jxist inside, inlet lip (see fig. l) 

2 diffuser exit station (see fig. l) 

3 venturi station (see fig. 1) 

APPAKATIB AND METHODS 


Test equipment.- Figvire 1 presents a schematic drawing of the test 
apparatus. The inlets were mounted on a long tube or barrel that contained 
the diffxiser exit rakes (station 2) and a venturi which contained a rake 
for the measurement of mass flow and pressure recovery. The low-pressure 
source was a 10,000 cu ft /min compressor. 

Models .- The annular conical-shock inlet was designed to provide 
enough air for an engine of about 10,000 pounds static thrust at a Mach 
number of 2.0. The inlet was of wood and plastic construction with a 
steel leading edge. Dimensions of the inlet are shown in figure 2. 

The nose inlet was designed with three interchangeable lip shapes . 

The shape of the external contour of the inlet remained the same as did 
the mini mi im area and equivalent conical angle of the diffuser . The tvo 
parameters that varied were lip shape and length of the inlet preceding 
the diffuser entrance. The sharp lip of the nose inlet was machined 
from 24ST aluminum alloy. The bell and round lips and fixed part of the 
inlet were made of wood, Fiberglas, and Paraplex plastic. A photograph 
of the nose inlet and lip sections is presented as figiire 3(a) . Drawings 
and dimensions of the nose inlet axe presented in figures 3(b) and 3(c). 

The duct— area variation of the conical— shock inlet and the nose inlet are 
presented in figure i|-. 

Test procedvire .- For each inlet the back pressure was reduced through 
several intermediate steps until the inlet was choked. The back pressure 
was then fxjrther reduced to increase the inlet losses and define adeqmtely 
the choking mass-flow ratio. Pressure readings were recorded simultane- 
ously by photographing a multitube manometer. 

Data were recorded by a survey rake located at a forward survey 
station during several tests with the nose inlet (see fig. 3(^))* Total- 
pressure-recovery data obtained from the other rakes during these tests 
are not presented. 
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Methods and accuracy .- The mass-flow ratio and pressure recovery 
were obtained by nvmierical integration of the venturi-rake data. Because 
of very low Mach numbers between station 2 and the entrance to the ven- 
turi, the total-pressure losses were relatively small between the two 
stations. The indicated pressure recovery at the diffuser exit (sta- 
tion 2) was about 0.01 higher than the pressure recovery presented herein 
throughout the mass-flow range. 

The accuracy of measurements is estimated as follows : 


Mass-flow ratio j-rw.uc: 

^ 1 . -0 

Pressure recovery ±0.01 

Static and total pressure ratios ±0.01 


The accxrracy estimate for mass-flow ratio accounts, for the combined 
effects of a +0.01 random error and a systematic error of 0.01 which 
resulted from leakage. 


RESULTS AND DISCUSSION 


Pressure distributions .- Pressure distributions about the inner and 
outer surfaces of the nose inlet lips are presented in figure 5 . For all 
lip shapes the static pressure increased very rapidly to approximately 
atmospheric press\ire on the outer surface (within 0.50 in. from the 
leading edge), thereby indicating very low flow velocities over the 
external surface and consequently little effect of external geometry as 
was also concluded in reference k. Just inside the inlet lips, the pres- 
sure ratios indicated that local speeds reached values on the order of 
1.8 Mach niimber . Large variations in local Mach number were present 
along the constant-area duct section of the inlets at the higher mass- 
flow ratios, especially for the sharp-lip inlet (see fig. 5(a)). 

Total-pressure surveys .- Total-pressure surveys at the forward 
s\arvey station presented in figure 6 indicate the presence of thick 
boundary layers for all three lip shapes. Application of the separation 
criterion of reference 5 shows that the boundary-layer profiles are of 
the unseparated type for the highest mass-flow ratios, but at the lower 
mass-flow ratios, the calcvilated boundary- layer-shape factors fall within 
the range where separation may exist. Total-pressure losses extended 
entirely across the duct at the highest test mass-flow ratios (inlet- 
choked condition) and, except for the region immediately adjacent to the 
duct wall, the flow was supersonic at the forward survey station. 

The profiles of the sharp- and round -lip inlets show a region of 
depressed total pressure in the center of the duct at the highest mass- 
flow ratios. For both of these inlets, this core of reduced total 
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pressure is presvaned caused by the nature of a shock pattern existent 
near the duct entrance. Figure ^ presents an estimate of the flow pat- 
tern in the sharp-lip inlet, and was drawn from reference to figures 5 
and 6 and to the pressure surveys and visual- flow studies of reference 6. 
Except for the bovindary layer and a region downstream from the normal 
shock in the center of the duct, the flow was supersonic everywhere 
between the sonic line and some point downstream from the forward survey 
station. The core of reduced total-pressure air observed at the survey 
station thus appears to have resulted from the greater losses of the 
normal shock in the duct center. The supersonic flow through the inclined 
shock cannot have lost at the shock itself the amount of total-pressure 
loss indicated by the level of the total-pressure-ratio curve between 
y/r = 0.5 aJ^d y/r = 0.6 in figure 6. Additional total-pressure losses 
accrued to this flow through mixing with the boimdary layer and the sub- 
sonic flow region behind the normal shock. A strong shock is assumed to 
have terminated the supersonic flow at some point in the diffuser. 

Diffuser-exit surveys presented in figure 8 indicate laniform total- 
pressure distributions about the annulus at low mass-flow ratios but, 
as choking was approached, large nonuniformities appeared in the flow. 

The nonuniformities were more pronounced for the rovind and bell lips 
than for the sharp lip.. For the choked mass-flow ratio corresponding 
to the lowest test back pressure, the total -pressure distributions for 
all inlets were more uniform than just prior to choking. 


Pressure-Recovery Characteristics 

The pressure-recovery characteristics of the inlets are presented 
in figure 9 as a function of mass-flow ratio. The performance of the 
two shaxp-lipped inlets was quite similar and Inferior to that of the 
other two inlets with the modified lips. By rounding the lip of the 
nose inlet, both the pressiire recovery and choking value of mass -flow 
ratio were substantially increased. The bell lip resiilted in further 
improvement. Increasing the pressure recovery throiaghout the mass-flow- 
ratio range and raising the choking mass-flow ratio by more than 20 per- 
cent above that of the sharp-lip inlets. The low value of choking mass- 
flow ratio of the sharp-lip inlet was due to the sepaxation bubble 
(fig. 7 ) which reduced the effective minimiim area and to the existence 
of supersonic flow at the effective minimum. The round and bell leading 
edges tended to alleviate the former condition and resiilted in a much 
higher value of choking mass -flow ratio. 


Pressure Recovery of Sharp-Lip Inlets 

Available data concerning the pressure -recovery characteristics of 
sharp-lip inlets at static conditions are presented in figure 10. A 
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theoretical curve from reference 7 for the sharp-lip inlet at static 
conditions is also presented in the figure. Althovigh the inlets vary 
widely in configuration and in diffuser type, rate, and area ratio, the 
pressxire-recovery curves are very similar and agree well with the theory. 
The theoretical curve accounts for a total-pressvire loss at the inlet 
and a small subsonic diffuser loss. The losses at the inlet were obtained 
utilizing the momentiam balance between the free stream and inlet stations. 
Inasmuch as the only variable in common among the inlets was a thin sharp 
lip, the similarity of the curves indicates that total-pressure character- 
istics at static conditions are mainly determined by details of the lip 
shape as was also concluded in reference 4. The differences in pressure 
recovery that exist are probably due to differences in diffuser geometry. 


CONCLIBIONS 


Tests of an annular supersonic inlet and an open-nose inlet with 
sharp and rounded lips at static conditions led to the following con- 
clusions ; 

(1) The two inlets with thin sharp lips had about the same relatively 
poor pressure recovery characteristics and choked at a mass -flow rate of 
about J6 percent of the theoretical maximum. 

(2) The pressure recovery and choking mass-flow ratio were greatly 
improved by replacing the sharp lip by two alternate shapes with lip 
rovmdness or internal contraction Just behind the leading edge . 

(3) Inlets with thin sharp lips but widely different configurations 
had very similar pressure recovery chsiracteristics which were adequately 
defined by theory. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., May 10, 195^. 
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Figure !•- Details of static test setup. All dimensions are in inches. 
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Figure 3.- Conical-nose- inlet configurations. All dimensions are in inches. 
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(b) General dimensions. 
Figure 5.- Continued. 
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Figure 4.- Duct-area variation. 
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Figure 5*- Inlet-lip pressure distributions. Flagged symbols denote 

outer surface pressures. 
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(Td) Rovmd lip. 
Figure 5.- Continued. 
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(c) Bell lip'. 
Figure Concluded. 
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Figure 8.- Variation of total- pressxrre ratio at station 2 with radial 

distance. 
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Figure 8.- Continued. 
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Figure 8 .- Concluded. 
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Figure 9.- Effect of mass flow on total-press\ire ratio for inlets tested. 


Average total- pressure ratio, H 3 /PQ 


NACA RM L54E19 


25 


Theory (ref. 7) 



Mass -flow ratio, m/mg 


Figure 10.- Effect of mass-flow ratio on total-pressvire ratio for thin 

sharp-lipped inlets. 
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